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& P@©fe&t 5L74-$$82S 
2 

S MM gg»gl& WX2IH JSOmi^®^^ 

© Inventors Philippe Wobile&u 

This invention relates in general fee wellhead 
equipment, and in particular to a production tree having 

5L3 © tubing hanger therein „ the tubing hanger and production 

&4 tree having lateral production passages* 

&@ aftaraBflraro. abb 

i? A conventional ^ubsea wellhead assembly includes a 

3k® wellhead housing which supports on© or saore casing 

19 hangers located at Tapper ends of strings of casing 

g@ emending into the Hell, h tubing hanger lands in the 

g& wellhead housing above the casing hanger and supports a 

£>g string of production tubing that ©set ends through the 

S3 smallest diameter casing » The tubing hanger has a 

34 production bore Hhieh is offset slightly from the 

§1 longitudinal a&is* &n annulus bore also esstends through 

36 the tubing hangar , parallel to and offset from the axis, 

8? for communicating the tubing annulus to above the tubing 



hangar o The mmmlnm bore is needed during installation 
of the fcub&nqj hanger and tubing to establish circulation 
down the tuabiimg aBd back up the annulu©,, After the well 
h©s b<gesa cosapl^ted, © resaov&bl® plug i© installed in the 
amralus bore, then a production tree is nounted to the 
wellhead housing* Access through the production tree to 
the tubing may ba made for various workover operations 
that are needed <» 

In the last few years, operators have begun 
installing a different type of wellhead assexably, 
referred t© generally as a horizontal tree, in a 
horisontal tree, the tubing hanger lands in the tree, not 
in the wellhead housing located below the tree* 5?he 
tubing hanger hag a lateral flow passage extending froa 
its vertical flow passage. ffh© lateral flow passage 
registers with a lateral flow passage extending through 
a sidewall of the tree, Gallery seals are employed to 
seal the junction between the lateral production 
passages • The gallery seals comprise seal rings which 
are coaxial with the vertical axis, with one ©f the ©eals 
located above the lateral passage and the other located 
follow* The lower ueal necessarily will be of a smaller 
diameter than the upper seal in order to provide 
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6 clearances for installation,, 

3 With the horizontal tr©@, a tubimig hanger can be 
S pulled through the horizontal tree without removing the 

4 tree*, ®hi© cannot be done with © conventional tree*. 
3 ftifcile this is an advantage 0 one disadvantage is the 
§ horigental tree tubing hangar has inad^guat.© room to 

7 utilise a vertical annulu© passage eastending through the 
© tubing hanger as with a convent i©nal tubing hanger * 
© Instead, tubing annulu© ©@©xaunieation is accomplished 

a ® generally by utilising a bypag® passage through the tree 

aa » fro® below the tubing hanger and back into the tree above 

& g the tubing hanger «> While a bypass passage is workable, 

& 3 it relics on a valve ©n the easterior for closing the 

a ^ annuluso Some operators believe that a removable plug 

^ installed within an annulu® passage in a tubing hanger is 

nafer than a valve. 

17 another disadvantage of a typical horizontal tree 

m tubing hanger has t© do with the need to eoimunieate 

&® auxiliary fluid to dewnhole ®guip©<ent. For example, 

§® downhole safety valves are used in a tubing ©tring at 

i2, distance below the surface*, h safety valve remains 

m ^® it Is supplied with hydraulic fluid 

^ pressureo in the absence of fluid pressure, it will 




6 close* Consequently, if the production wellhead assembly 
g is severely damaged, the veil would be held under control 
s through the safety valve. 2b conventional tree tubing 
4 hangers, passages are drilled through the tubing hanger 
s frosa the upper end te the lower end« The upper ends of 
<5 th® hydraulic passages have connectors which mat@- with 

7 connectors on the tree to supply hydraulic fluid- In the 
© horizontal tree, however, this cannot occur because the 
© tubing hanger lands within the tree, not in the wellhead 

i® housing below « 

M Some manufacturers have drilled ports through the 

512 sidewall of the tree to eosMunicate with hydraulic 

is passages drilled within the tubing hangar* These 

SL4 manufacturers have employed gallery type seals to seal 

5Lil the junctions of the ports . This again requires a 

13 reduction in inner diameter of the bore of the tree* 

&7 There «&y be several ports for auxiallary fluid passages , 

requiring several sets of gallery seals. UoSo Patents 

iS> 5,469,794 and S,SIf,935 show ports on the exterior of a 

^® tubing hanger that do not requires gallery seals . These 

port© locate on a spherical surface formed on the tubing 

8§ tenger mnd in the bore of the tree* 



S In this invention, the tree is of a horizontal type, 

3 having a lateral production passage o A tubing hanger, 

4 al^o toeing a lateral production passage, land© in the 
% tree* The tree ha® a seal area that surrounds the inlet 
3 of the -lateral production passages which is flat and 
1 inclined relative to the assis. The tubing hanger also 

5 has a seal area which is flat and inclined and Mates with 
B the tree seal area- The saating flat surfaces obviate the 

51® need for gallery seals, allowing a larger bore at that 

area than in the prior art gallery seal type- 

as Preferably the tubing hanger ha© an annulus flow 

&3 passage that is offset f rosa and parallel to the vertical 

ifi production passage in the tubing hanger « The vertical 

2L§ annulus passage may be accessed from above and will 

46 receive a removable plug after completion « Preferably a 

1? lateral passage esctends laterally from the vertical 

A® annulus passage of the tubing hanger and registers with 

a lateral annulus passage forsaed in the tree 0 The mating 

8 8 openings of the tree annulus passage are on ff lat and 

^2> inclined ©ealed areas formed ©n the tubing hanger and in 

the bore of the tree* The lateral annulus passage allows 

23 access to the annulus through a valve as an option- 




a The tree also has an au&iallary passage which 

2 esstend© "through a sidewall of the tree and has an 

3 auseiallary connector which is located on an upward facing 
6 shoulder forcing the bore of the tra®o The tubing hanger 
§ has a downward facing hydraulic connector which 
8 telescopingly i$ates with the connector in the tree bore. 
1 The auxiliary passages lead to a downhole ©afety valv©„ 

a 51 Figures i& and IB comprise a vertical sectional view 

as of a wellhead &s^®Mbly constructed in accordance with 

an this invention . 

a$ Figure 2 is an enlarged partial sectional view of a 

as portion of the wellhead assembly of Figures ia, IB. 

a@ Figure 3 is a sectional view of a portion of the 

a? wellhead assembly of Figures lh ff IB, ta&en along the line 

a© 3-3 of Figure 2, with the left side showing an 

SL§ installation step and the right side showing the assembly 

1© after installation has been completed . 

2% Figure 4 is a sectional view of the wellhead 

22 aseesably of Figure© l&, li, taken along the line 4-4 of 

§3 Figure lo 



& Referring to Figure IB, a subset wellhead is shown, 

3 including ® tubular low pressure housing 2.1 that land© in 

% a guide base 13 supported on the sea floor . Housing 11 

l is connected to a large (SI IOmeter conductor ©attending into 

6 the well to a first depth. A high prssgur© housing 15 

1 lends in the low pressure hogging 11 „ ESigh pressure 

© housing 15 is also a tubular member, and it is secured to 

© a string of casing 17 which extends into the well to a 

2.® second depth* k lower casing hanger 19 lands in wellhead 

5UL housing 15 and supports a string of easing 21 which 

318 extends into the well to a third depth*. M% upper casing 

hanger 23 lands on top of lower casing hanger 19 and 
44 supports a string of casing 25 which extends to the 

foottosa of the well in th© esabodifiaent shown • ©oth casing 
&@ hangers 19, 23 are conventionally sealed to the bore of 

high pressure housing 15. 
&® & lower tubing hanger 27 lands in the bowl of the 

&® upper easing hanger 23 6 Lower tubing hanger 27 is 

^@ secured to a string ©f production tubing 29 which esctends 

iato the well for providing a conduit for the flow of 
32 production fluid, kower tubing hanger 27 has a vertical 

®§ production passage 31 which is coaxial with tubing 29- 
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& to annulus passage 33 is el^® a&ial or vertical, and 

2 esstends alongsid® production passage 31. tonulus passage 

3 33 im in coEronication with an annulu^ gpace surrounding 

4 tubing 29- 

5 Lower tubing hanger 27 is secured conventionally in 

d upper easing hangar 23 by m®&nm ©f a c&b sleeve 35 , lock 

1 ring 37, and actuating sleeve 39 . Actuating sleeve 39 

8 esstends upward above the upper end of lower tubing hanger 

$ 27, a© sfeown in Figure IB, and can be shifted by a 

a,® manning tool betfc?©en an upper released position and a 

12L lower locked position . h downhole ©afety valve 38 is 

5L2 located in tubing 29 some distance below wellhead housing 

IS lie Safety valve 38 is connected to a hydraulic line 40 

M which eaetends upward to lower tubing hanger 27. 

i8 hydraulic pressure in line 40 maintains safety valve 3® 

S(i in an open position- The absence of hydraulic pressure 

2^ in line 40 causes safety valve 38 to close • 
&® deferring also to Figure 1A, a christsaas tree 41 

2>© lands on top of wellhead housing 15. h conventional 

2@ hydraulic connector $3 carried by tree 41 connects tree 

21 41 to a grooved profile 4S formed on housing IS near its 

22 upper endo Tree 41 is a large tubular member that ha© a 

23 grooved profile 47 on its upper end that is identical to 
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wellhead profile 45. Tree 41 has a production passage 4$ 
that is horizontal, perpendicular to the longitudinal 
©ssis, and esetends frosa its bor® 48 to the exterior <> h 
production isstar valve 51 control© the flow of 
production fluid out tree horizontal passage 49. Tree 41 
also has &n annulus passage 13 that is horisont&l and 
perpendicular to the vertical axis* In the esbodissent 
shown* it is located ISO degrees from and is coaxial with 
horizontal passage 49* Tt<&<b annulus passage 53 also 
©sgtends fir on the tree bore 48 to the e&terior. An 
annulus valve 55 can be controlled fro® the surface for 
opening and closing annulus passage S3 . 

Tree 41 is installed by lowering it on guidelines 
attached to guide posts (snot shown) of guide base 13 in 
a conventional manner <> M> shown in Figure 2, tree 41 has 
an orientation sleeve 56 mounted to it that emends 
around actuating sleeve 39 of lower tubing hanger 27 . h 
key SB on the eseterior of lower tubing hanger 27 engages 
a slot in orientation sleeve 56 « Orientation sl®@ve 39 
orients lower tubing hanger 27 if tubing hanger 27 is 
being installed after tree 41 has already been installed. 
If low©r tubing hanger 27 is installed before tree 41 is 
installed, it will be oriented by a conventional method 



6 using an orientation internal groove on the BOP stack 

2 wellhead connector ♦ 

3 deferring again to Figure i&, an upper tubing hanger 

§7 is supports in the bore ©f tree 41. Upper tubing 

§ hanger S7 ha© a vertical bore 59 that esstends through it 

® of fset frosa and parallel to the longitudinal assis of tree 

7 41 o a lateral passage 61 extends horizontally ©utnard 
© fr©m vertical bore 59 perpendicular to the vertical a&is* 
f> & seat ring 63 is mounted in a counter lb ©re in tree 

&o horizontal production passage 49 at the junction srith 

3>& tree bore 40 . Seat ring 63 is sealed to passage 49 and 

a§ has a hole through it that is the same diameter as 

SL3 passage 49. Seat ring 63 has an inner face 63a that is 

&4 flat but inclined relative to the ascis of tree 41. The 

upper ©dge of inner face 63a is farther from the axis of 
&4 tree 41 than its loner edge« Seat ring 63 is sealed to 

%1 passage 49 but is removable * Upper tubing hangar 57 has 

31© a siating seat ring 65 with a flat inclined outer face 

5L® that is located at the outer end of lateral passage 61. 

Seat ring 65 seals against flat face 63a of seat ring 63 
2i in Eaetal~t©HSi©tal sealing engageBent* 

Similarly, upper tubing hanger 57 has an annulus 
SS vertical bore 67 which extends completely through upper 

i 



i tubing hanger 57 offset from and perpendicular to 

2, vertical bore 59 o to annulus passage 69 extends 

3 horizontally from vertical bore 67* & seat ring 71 

<a locates sealingly in a eountarbore formed in tree annulus 

5 passage 53 at the junction with tree bora 48. Seat ring 

@ 71 is constructed the same a© seat ring <S3„ except that 

1 its hole Is sa&ller because the tree annulus passage 53 

fit is smaller in diameter than the production passage 49. 

§> Upper tubing hanger 57 has a seat ring 72 that se&lingly 

2>® mates &ith the flat inclined face of seat ring 71. 

& crown plug 73 of a conventional wireline 

12 retrievable type is installed in upper tubing hanger 

iS vertical bore 59. Cromi plug 73 is located above 

^ horizontal passages 61, 49. An annulus plug 75 , also 

IS wireline retrievable, is located in annulus vertical bore 

&<§ 67. 

^ Ref erring to Figure 2 ff a production isolation ©le^ve 

*® 77 is sealingly secured to the lower end of upper tubing 

&® hanger vertical production bore 59 0 sleeve 77 esstends 

©ealingly into lower tubing hanger bore 31. An annulus 

§a isolation sleeve 7© secures sealingly to upper tubing 

g§ hanger annulus bore 67 „ Annulus isolation sleeve 79 

®3stend^ sealingly into lower tubing hanger annulus 

mm^ns> —ll— 
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& peesftge 33 o O^per tubing hanger 87 has an orientation 

2 &©y 81, shown in Figure 2 Q that ©ngageis orientation 

S sleeve 56 ©f tree 41. This orients upper tubing hanger 

4 57 relative t© tlf^d 41 o 

s deferring t© Figure 3, a plurality ©f hydraulic 

<§ fittings ©r connectors ©3 are mounted to lower tubing 

f hanger 27 and face upwardly. Hydraulic connectors S3 



© connect to hydraulic lines 40 (Fig. IB) for opening and 

© closing downh©le safety valves 38 (Figure IB) - Female 

a,® hydraulic fittings ©r connectors 83 are secured to the 

lower ©nd of upper tubing hanger 57. Hydraulic 
connectors 35 Hill stab over hydraulic connector© S3 to 
&u ®aJg© up a connection <> Belleville springs 87 provide a 

positive pressure to retain the connection. Similarly, 
hydraulic connector© 8® are located on an upward facing 
&@ asfooulder 90 in bore 48 of tree 41 outside of where upper 

%f tubing hanger 57 Hill land. Downward facing female 

IB hydraulic connectors 91 are counted to upper tubing 

%® hanger 57 to stab onto hydraulic connectors 8© when upper 

g® tubing hanger 57 is installed- Hydraulic connectors 89 

81 are connected to passages which lead to a source of 

hydraulic fluid pressure for opening safety valve 38 
gD (Fig. IB) ©r performing other auxiliary functions • 



a. Connectors BB are also shown in Figure 4. 

§ Referring to Figure 3, upper tubing hanger 57 is 

3 secured in tree bore 4i by s look ®e®ber 93 Hhich is 

5 pushed ©utward by a c&a saasalbtgr ©So The left side of 

3 Figure 3 shows upper tubing hanger 57 prior to insulation 

a> ^hile the right side sho^s upper tubing hanger 57 after 

1 it i© completely installed* 

© deferring again to Figure 1&, an internal tree cap 

© 97 locates within tree bore 4® above upper tubing hanger 

2>§ 57 o internal tree cap 97 ha© two vertical bores 9§, 100 

^ieh align ©oassially with the upper tubing hangar bores 
2.2 59, <S7o wireline retrievable plugs 99, 101 are located 

2>3 within the bores 98, 100 . A corrosion cap 103 is 

141 installed over the upper end ©f tree 41 for protection . 

IS deferring to Figure 4, lateral annulus passage S3 leads 

a« to a crossover passage 105 which will selectively connect 

3L7 annulu© passage 53 with the production passage 49 . 

1® Valves 107 will control opening and closing ©f crossover 

passage 105 • 

In one mode of operation, after the wall has been 
82. drilled and the easing hangers 19, 23 and lo^er tubing 

hanger 27 oriented and installed, the operator can run 
S3 Christmas tree 41 and secure it by connector 43* The 
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©perat©r then installs upper tubing hanger 57, which 
©rients by bww of its key 81 (Fig. 2) engaging tree 
orientation sleeve. After testing procedures, the 

operator installs wireline retrieval plug© 73 , 75, 
internal tree cap ©7, and wireline retrievable plug© 99, 
§ 101 o The production fluid will flow .up pr©dueti©n tubing 

i 29 and out horizontal passage 49 o 

© several w@rkover option© are available- In on® 

© ©ode, a drilling riser having a blowout preventer (not 

Dh©wn) will land ©n tree profile 47 after removing 
e@rrosi@n cap 103 . The internal tree cap 97 is removed 
12 through the drilling riser using a recovery string 

©ssten&ing through the riser* Closing the downhole safety 
valves (not shown) allocs en© to remove the wireline 
plugs 73, 75. An adapter ©n the recovery string stabs 
into the vertical production bore 59 while the annulus 

17 vertical bore 67 cosrauni-cates with the drilling riser 

18 annulus around the recovery string and thus with the 

riser eh©ke and kill lines once the blowout preventer is 
el@©ed ©round the recovery string • One conduit leading 

g& t© the production tubing 29 and one t© the annulus space 

is then established with the workover vessel* 
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2. Frior to r®m®^ing tubing 29 9 the well ordinarily 

2 mamt ba killed* During this pr@eedura, the well 

3 production fluid is replaced with a h&avi©r fluid. Th^ 

4 ©painter earn kill th<s well by ©pining the d©wnh@l® safety 
§ valve , arad pumping down the recovery spring and 
@- pr©du@ti@n tubing 29 o She fluid flows out a p@rt at the 
? lowar end of the production tubing 29, back up the tubing 
© annulus, upp^r tubing hangar annulus bore 67, and up one 
f of th<£ ©hok© and kill lin^Sp 

51® After the well is killed, the operator ©an r@tri©v@ 

2L& pr©du©ti@n tubing 29 with, the r@eovery string by pulling 

M upp®r tubing hang©r 57, then pulling tubing hangar 27 

S3 al©ng with tubing 2B» &fter the w©rk@v<str ©peration, 

44 tubing 29 and lower tubing hanger 27 are lowered through 

tree 41 and re-installed. Lower tubing hangar 27 will 
©rient by engagement of key 58 with orientation sleeve 56 

2.7 (Fifo 2) during the installation . Alternately 9 the 

2.® operator may resa@v® tree 41 without pulling tubing 29 • 

2-9 in this instance, preferably another wireline plug (not 

^@ shown) will be installed in a grooved profile in lower 

8SL tubing hangar 27 bef©re r ©moving tree 41. When tree 41 

^§ is pulled upward, upper tubing hangar S7 and isolation 

sleeve 77 will be pulled with tree «i, while tubing 



% hangar 27 and tubing 29 remain in place* 

§ Further 9 the w©ll may be killed in other manners 

3 than described above <■ Because of the two vertical bores 

4 §9 and <S7 lira tapper tubing hangar 57 , another ©athod of 

5 killing involves stubbing e completion riser , which has 

6 two strings side by side, into these bores after removal 
1 of the internal tree cap 97 and plug© 73, 75- &l$o, 
© killing of the w^ll can be accomplished by use of the 
9 lateral annulus passage 69 and its crossover passage 105 

%% (Fignare 4). In this situation, there will be no annulus 

&3L conduit back to the vessel . Rather, after communication 

3L3 is established between the tubing hanger vertical passage 

13 59 and the vessel, production master valve 51 is closed 

and annulus valves 55 and 107 (Fig* 4) are opened. Kill 

&S fluid is pumped down the production tubing 29 9 through a 

AS port (not shorn) at the lower end and back up the tubing 

%1 ©nnuluso The return fluid flows out annulus horizontal 

2>® passage 53, through crossover passage 105 and out the 

%% production line downstream of production master valve 51. 

g@ Th<^ wireline retrievable plugs 73 and 99 allow 

i2l various wirmlin© intervention operations without 

retrieving ®ith©r tubing hangar 21 , 57 ©r internal tree 
cap 97 p During a wireline intervention when the well is 



SL not to be killed, downhole safety valve for tubing 2§ 

3 will b<s closed to allow wireline plugs $S , 73 to be 

3 removed* The wireline tool will be lowered through a 

<3 wireline ris®r which will be capable of withstanding the 

S pressure ©f the well. The wireline riser comprises a 

8 wireline ©OP stack Mounted to tree 41 to control the well 

1 pressure* After the wireline tool has been lowered into 

© tubing 29 , the dorahole safety valve is opened, allowing 

© the wireline tool to pas© through tubbing 29 • 

a® The invention has significant advantages . Utilising 

a flat seal area on the tubing hanger and in the bore of 

&8 the tree avoids the need for gallery seals around the 

2>3 mating lateral passages . Shis allows a larger diameter 

44 tubing hanger for a particular tree bore than in the 

&^ prior art* The larger diameter tubing hangar enables a 

i* vertical annulus passage to be drilled therein, which saay 

Vi be closed with © removable plug rather than a valve as in 

4© the prior arto The hydraulic connector© which Bate when 

the tubing hanger lands also avoids the need for gallery 

i© gieals. 

it should be understood that variations to the 
§^ embodiment may be aade„ For example , lower tubing hanger 

27 may be eliminated* In that instance , upper tubing 



1 haiagfeff i7 would c@m©et dli3r©<etly to production tubing 29. 

2 St H©^ld a@t b<s possible to &®mqv& t?ee 41 without first 

3 pulling tubisifl 39, but it nould be possible to pull 

4 tsabiimg 19 witfa@Mt r©tri©viimg first the tr©@ 41. 
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2 ©5U\tes 

lo & well production assembly located at an upper end 
©f a string of tubing esstending into a well, e©®g>risings 
a productien tree having a longitudinal a&is , an 
axial bore, and © lateral production passage, the lateral 
production passage having an inlet at the bore and 
extending laterally through a sidewall ©f the production 
tree? 

a tree ©eal area in the bore surrounding the inlet 
of the lateral production passage, the tree seal area 
being flat and inclined relative to the axis; 

a tubing hangar adapt@d to be located at an upper 
(and of a string of tubing and landed in the bore, the 
tubing hanger having a vertical production passage 
asstending axi&lly through the tubing hanger and a lateral 
production passage which extends laterally £roa the 
^©rtical production passage and has an outlet at the 
dseterior of the tubing hanger? and 

a tubing hanger seal area on the exterior of the 
tubing hanger surrounding the outlet of the lateral 
production passage, the tubing hanger §eal area being 
flat and inclined! relative to the a&is and mating with 
the tree seal area, with the outlet registering with the 



3 2o fh® well production ms©eiably according to claim 1, 

<3 fwth©r comprising s 

S & tree ©eat ring installed within the inlet of the 

® lateral production passage of the tree, the tree seal 

T area Ibeing located on airs invar d facing side of the tree 

© seat ring* 

10 3o The mil production assembly according to elaisa l, 

13, further comprising; 

5LS a ttabing hanger seat ring installed within the 

13 outlet of tfo<s lateral production passage of the tubing 

M hangar , the tubing hanger seal area being located on an 

&S outward facing ©id® of the tubing hanger seat ring. 

&7 §o The well production assembly according to claim 1, 

2>® further comprising? 

1® a tr©e seat ring installed within the inlet of the 

2® lateral production passage of the tree, the tree ©eal 

23L area being located on an inward facing side of the tree 

seat ring? and 
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& a tubing hanger seat ring installed wiikhin the 

3 outlet ©f the lateral production pase&ge of the tubing 

3 hanger, the tubing hanger seal area being located on an 

4 outward facing side of the tubing hanger ©eat ring- 



So The well production assembly according t® elaisa i # 
further comprising s 
0 a vertical annulus passage ©set ending a&ially through 

© the tubing hanger offset from and parallel to the 

a@ vertical production passage, the vertical annulus passage 

ai having a lower end in eosasaunication with a tubing annulus 

&g surrounding the string of tubing and an upper end at an 

upper end of the tubing hangar* 

ai 6. The well production assembly according to clai© 1, 

further comprising s 

a vertical annulus passage esetending a&ially through 
Iffl the tubing hanger offset from and parallel to the 

a© vertical production passage, the vertical annulus passage 

2§ having a lower end in communication with a tubing annulus 

3& surrounding the string of tubing; 

a lateral annulus passage esrtending laterally 
g2J through the tubing hanger fro© the vertical annulus 



31 passage 9 the lateral annulus passage having an opening on 

s the esst^rior of the tubing hanger; 

3 a tree &nnulu© passage having an ©pining in the bore 

4 of the tree ©nd east ending laterally through the sidewall 

5 of the tree; and 

© the openings ©f the lateral annulus passag® and the 

i tree annulus passage having mating annulus seal areas 

© syhieh ar<s flat and inclined relative to the a&is* 

a,® 7 B she well production a©@eifl&bly according to clai® % 9 

%x further comprising : 

&g a tree auxiliary passage amending through the 

sis sidewall ©£ the tree and having a tree auxiliary 

M connector in the bore which face© generally upward; and 

&i a tubing hangar auxiliary passage esct ending through 

%® the tubing hanger 9 having a tubing hanger auxiliary 

%l connector ©n the ejsterier of the tubing hangar ^hich 

a© faces generally downward and sealingly nates with the 

i§ tree auxiliary connector a© the tubing hangar lands in 

2d the production tree G 
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& So & trell production as&es&bly located at an upper end 

1 of a string of tubing ^tending into a veil, comprising; 

S a production tree having a longitudinal ascis, an 

€ assial bor<s and a lateral production passage, the lateral 

5 production passage having an inlet at the bore and 

6 essttsnding laterally through a sidevall ©f the production 
? tree s 

8 a tubing hangar landed in the bore and adapted to be 

© located at an upper end of a string of tubing, the tubing 

^® hang@r having a vertical production passage extending 

2,51 ©asially through the tubing hanger and a lateral 

^ production passage which esetends laterally fro® the 

as vertical production passage through the tubing hanger and 

314 tos outlet at the exterior of the tubing hanger ^hieh 

as registers with the inlet of the lateral production 

passage of the tree; 

^ a vertical anraatlus passag© extending through the 

m tubing hanger from a lower ehd to an upper end of the 

&® tubing hanger offset from the vertical production 

m passage, the vertical annulus passage having a lower end 

g2> adapted to be in communication with a tubing annulus 

22 surrounding the string of tubing; 



& a r@movabl<g productloB plug installed in the 

§ vertical production pas©ag<n abov© th<a lateral production 

S passage of the tubing hanger; &nd 

4 © s-eaovabl® ©nnulus plug installed In the v@irtical 

§ axmulu© passage <> 

<§ 

? 9o The well production assembly according to claia B ff 

© fmrthsr comprising? 

13 a r<smovabl<e Internal tr&© cap which s®alingly 

a® ^gag®s the bor© of th<§ tr®@ abov© the tubing hanger, the 

2,2, tra® cap having a vertical production passage and a 

as vertical annulu© passag® which ara offset from and 

parallel to ©ach ©thar, the vertical production passage 
of the tr©e cap aligning with the vertical production 
passage of the tubing hangar, the vertical annulus 
2Ld * passage of the tr@@ cap aligning with the vertical 

%l ammulus passage of th<a tubing hang&r? 

a© a removable production plug installed in the 

%® vertical production passage of the tra® cap? and 

&® a r<s^i©vable annulus plug in©tall©d in the vertical 

asmuluis passage of the tra© cap* 
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& 10 o Tfo© mil production assembly according to elaisa B 9 

2 further eoxapr icings 

3 a lateral annulus passage ©sstendling laterally 
3 through the tubing hanger fro© the vertical annulus 
£ passage, the lateral annulus passage having an opening en 
i the eacterier of the tubing hanger, 0 and 

1 a tree annulus passage having an opening in the bore 

8 of the tree and extending laterally through the tree for 

s> sealingly registering with the opening of the lateral 

5L@ annulus passage of the tubing hanger • 

%% 

£8 11 o This well production assembly according to elaisa 8, 

3L3 further comprising s 

M a tre® ©eat ring installed within the inlet of the 

lateral production passage of the tree, the tree seat 
&® ring having a flat seal area located on an inward facing 

side of the tre® seat ring, the seal area being inclined 
2>® relative to the longitudinal axis; and 

a tubing hanger seat ring installed within the 
§® outlet of the lateral production passage of the tubing 

hanger, the tubing hanger seat ring having a flat seal 
8* area located on an outward facing side of the tubing 

hanger seat ring which sealingly engages the seal area on 
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a th© tx<B®. seat ring* 

s 12 o h veil production assembly, comprising? 

-a a production tree having © longitudinal a&is, an 

§ assial bore, and a lateral production passag©, the lateral 

S production passage having an inlet at the bore and 

7 extending laterally through a sidewall of the production 

© tree^ 

© a tree seat ring installed within the inlet of the 

a® lateral production passage of the tree, the tree seat 

ring having on an inward facing side a tree seal area 

as " which is flat and inclined relative to the assist 

au a string of tubing extending into the veil; 

a tubing hanger connected to an upper end of the 

SLg string of tubing and landed in the bore, the tubing 

&<B hanger having a vertical production passage extending 

&l assially through the tubing hanger and a lateral 

a© production passage which esctends laterally fro® the 

a® v&rtieal production passage through the tubing hanger , 

g@ the lateral production passage of the tubing hanger 

§a havin&g an outlet at the exterior of the tubing hanger? 



a tubing hangar seat ring installed the outlet of 
the lateral production passage ©f the tubing hanger, the 
tubing hanger seat ring having a tubing hanger seal area 
located ©n an outward facing ©id® of the tubing hanger 
©©at ring which sealingly mates with the tubing hanger 
©eat ring? 

a vertical annulus passage extending axially through 
the tubing hanger offset fro© and parallel to the 
vertical production passage , the vertical annulus passage 
having a lower end in communication with a tubing annulus 
surrounding the string of tubing and an upper end at an 
upper end of the tubing hanger ? 

a removable production plug installed in the 
vertical production passage above the lateral production 
passage i and 

a removable annulus plug installed in the vertical 
annulus passage. 

13. The well production assembly according t© claim 12, 
further comprising ; 

a lateral annulus passage extending laterally 
through the tubing hanger from the vertical annulus 
passage, the lateral annulus passage having an opening on 




i the ©sgterior ®£ the tubing hanger? 

g a tree annulus jp&esage having an opening in the bore 

s of the tree and extending laterally through the tree; 

4 and 

9 the openings of the tubing hangar and the tree 

-d having mating annulus ©eal areas which are flat and 

l inclined! relative to the ascis* 
© 

9 14. The veil production assembly according to claim 12, 

%% further comprising % 

%% a tree auxiliary passage extending through the 

18 sidewall of the tr^e and having a tr©© auxiliary 

eoianeetor in the bore which faces generally upward? and 

%A a tubing hanger &uxiliary passage emending through 

the tubing hanger, having a tubing hangar auxiliary 

&s connector on the eacterior of the tubing hanger which 

faces generally downward and sealingly Bates with the 

a© tree auxiliary connector as the tubing hanger lands in 

5L© the production tree to eoMunicate the tre© auxiliary 

S6 passage with the tubing hanger auxiliary passage • 
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& IS* h well production assembly comprising in 

§ combination t 

3 a production tree having a vertical axis, an axial ly 

<8 extending bore, and a lateral production passage 

5 extending from the bore through a ©idewall of the tree 

• transverse to the vertical axis; 

^ a generally upward facing shoulder forced in the 

8 bore $ 

» & tree auxiliary passage extending through the 

a ® sidawall of the tree and having an auxiliary connector 

a5L located at the upward facing shoulder; 

ig a string of tubing extending into a well; 

iS « tubing hanger which lands sealingly in the bore 

i4 and & s connected to the string of tubing, the tubing 

w hangar having a lateral production passage extending fro® 

2,(1 m production passage, the lateral production 

a? passage aligning with the lateral production passage of 

&® the tree; and 

19 a tubing hanger auxiliary passage extending through 

g ® th ® tubing hanger, having an auxiliary connector which 

§5L telescopingly and sealingly sates with the auxiliary 

§§ connector in the tre© when the tubing hanger lands, to 

§3 eorounieate the tree auxiliary passage with the tubing 



a, foasnger auxiliary pa^sag©*, 

5 x<So Th<& well production aa©©sably according t© claissi 15, 

6 wherein each of the auxiliary connectors has an axis, and 
^ wfosrein the a&e© of th© auxiliary connectors coincide 

@ when i&at©do 

© 17 o The wall production assembly according to claiss 15, 

% wherein : 

3L© the auxiliary connector of the tree is a tubular 

2,2, member which protrude© upward from the upward facing 

SL2 shoulder ; sind 

the auxiliary connector of the tubing hangar is a 
2U tubular Berber which protrudes downward frosn the tubing 

&s hangar Q 

2L<S 

3L? It. The well production asgesably according to elaisa 15, 

2L© whereim 

the auxiliary contactor of the tree i© a tubular 
36 saesaber nlhicto protrude© upward froa the upward facing 

§ 1 shoulder ; and 

the auxiliary connector of the tubing hangar is a 
tubular receptacle which protrudes downward fro® the 
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6 feubijmg hanger and slide© over the auxiliary connector 0 
8 

S 19. "£he well production assembly] according to claim 15, 

* father comprising? 

S a downhole safety valve connected into the tubing 

« string -for selectively interrupting fluid flow through 

7 the tubing string; and 

© a hydraulic line extending from the downhole safety 

© valv® to the tubing hangar auxiliary passage for 

a@ receiving hydraulic fluid pressure from the tree 

i3, auxiliary passage to actuate the dovnhole safety valve. 

13 §®« well production assembly according to claim is, 

M wherein the auxiliary connectors of the production tree 

ai aad tu&ing hanger are parallel to the vertical axis. 
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